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GEOMORPHOLOGY OF THE LAKE MALATA-LAKE GREENLY COMPLEX, SOUTH
AUSTRALIA, AND ITS IMPLICATIONS FOR LATE QUATERNARY PALAEOCLIMATE

by A. Dutkiewicy . C.C. Von DEr Borcn!' & J.R. PrescorT!

Summary

Duiiewic 2, Ay vor prer Borert, CoCoasn Paescor, R (2002). Geomorphology of the Lake Malawe Lake
Cireenly complex, South Australia, and its implications tor Inte Quaternary palacochimate. Jegns. B Soe, S Anst,

126(2), 103-115, 29 November, 2002,

Luneties, foredunes and beach ridges from the Lake Malata-Lake Greenly playa complex on the Eyre
Peninsula attest o major changes in lake level and palagoclimate over the last 320,000 years. These have been
dited by a combination of thermoluminescence and radiocarbon technigues, thus allowing correlation with Late
Quaternary Oxygen Isotope stages. The lakes experienced a major wet phase ca 320 ka followed by mulliple
and episodes Tinked 1o relatively cool periods and low eustatic sea-levels between [15-16 ka, Aeolinn activily
and aridity were particularly intense during the Last Glacial Maximam with the onset of a dry climate and
carbonate pellet lunette-building commencing as early as 26 ka. The Holocene palaeoclinute ix marked by
seasonally oscillating wet and dry periods reflected in the intermittent deposition of gypsum lunettes, carbonite
ridges and quartz foredunes around the eastern marging of lokes Malata and Greenly.

K1V Wornbs: Quaternary palueoclinnte, sill lakes, Lake Malata, Like Greenly, luneties, thermoliiminescence

cdating. Bridgewiter Formation, carbonite, gypsin.

Introduction

Lake basins are one of the richest archives ol
ferrestrial palacochimate data (e.g.. Williams e af.
1998 Mason er gl. 1994 Radd et al. 2002). In
particular, surficially-closed basins such as salt lakes
are ealremely sensitive to changes i climale and
respond accordingly by adjusting their lake und
groundwater levels. They are widespreid in
south-western, south-eastern and northern parts of
Australia where they often represent the wennim of
large endoreic basins (e.g.. Bowler & Magee 1988;
Magee er al. 1995; Macumber [1991: Bowler 1971).
As salt lakes are susceptible o drying and erosion.
one ol the most challenging aspects associated with
their study is resolving the problem of discontinuous
strutigraphic records. This. however. can be achieved
by examining and dating not only the sedimentary
suceession  in the  basin itself. bur also  the
seomorphologic features such as beach ridges und
lunetles, as these invariably formed during major
changes in lake levels and climate, In this study we
describe strandline features of the Lake Malata-Lake
Greenly Complex (Figo 1), which contain a rich
record of major chimate change exposed along ity
vistern shores,  Most of these leatures have been
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dated by thermoluminescence and  radiocarbon
dating und provide a framework for late Quaternary
climate change in South Auwstralia. These are
discussed 1 detail in this paper.

WA A A
\ EYRE r
K i B ]
3 1
" PENINSULA  wimn /™ 4
e f »
I R LR
) ) ' \
i TUDY N J
i Wk (s P ]
N Rty
[ W - ¢
{ f ! ek
\ @ ke a Rk
SOITHERN. s MRty & BNty 4
) S 3 /
AR I o '\ [ =
v GeERly { 4 | &
OUEAN . i ( =
ref o PACN S U
d / | &
= ' ! ' o
ol /\4 INvENIGATOR
Sy | STRAT
{ 4 1 b 7
~ -~ / :
R ETTR AL LAY f= WEANGA RO [l
i ’\ - ) LI 1 “» DLanD |
oy e N " N5 3
- /'.5'])“ }. J wew [/
o BRIy, i
sfmy b
N R N

Fig, [ Map of Eyre Peninsuli showing the Tocution ul the
Litke Mulata-Lake Greenly Complex,
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General Setting

The Lake Malata-lake Greenly Complex consists
of o chain of north north-east lrending Qualeniary
cirthomte-cyaporite  playa lakes. sitvated  appros-
iately 33 mabove mean sea level in a mid-latitude
reciofl on lower Eyre Peninsula, South Auostralia
(Fig. ). The muin basins. Lake Malata and Lake
Greenly., are separated by an exlensive easterly
trending  calearcaus, sub-parabolic dune systen.
which forms the piain regional aquifer. Emplacement
ol these dunes during the late Quaternary sca-level
highstands (Wilson 1991 most likely caused the
danuning of a pre-Pleistocene drainage channel, with
subsequent  groundwater seepage along the dune
lobes Facilitating formation of lakes Malata and
Greenly. Baoth basins are  eroded  along  their
sotth-west margins with adjacent basement rocks up
t 5 metres obove the present-duy  lake floor
sugoesting L grabep-type depression. Numcrous
sialler playas, located exclusively o the cast of the
main basins. appear to have formed much kder, via
the dateractive  processes  of  deflation and
aroundwater diseharge. Hydrologie. stratigraphie
and  geomorphologic evidence collected - date
indicates thal the main busins have pever been
surlictally connected,

At present. all fakes i the Lake Malaa-Lake
Greenly Complex are e¢phemeral  groundwater
~dischirge playas chacaeterised by w em-thick halite
crust during the dry summer months, Depths ol up to
(.3 m ol water. pactly due to direet precipitation and
partly doe 1o redueed evaporation exist during the
wet winter months The solutes are derived from
mieine  sallaccession  vid aerosols  and by
evaporation of inflow (surbice and groundwaler),
which delivers chemical weathering produets from
surtounding sedimentary and basement rocks und
syndepositional  vecyeling  of  evaporiwes. The
frydrology amd geochemistry of the main hasins have
heen diseussed elsewhere (Dutkicwicz ¢ al. 2000).
Although defined by the saime mineralogical suite,
basin sedunents from Lake Greenly and Take Malaia
are distinetly different. Lake Greenly sediments we
dominated by carbonate mud (caleite and dolomie)
measuring several metres to decimetres in thickness,
wilth the uppermost 3 m ol the basin seqlicnee
interbedded with dm-Thick  layers ol gypsirenite
(Durkiewics & von der Borel 1995), In contrast,
Lake Malata i doiminated by gypsum. which occurs
in the form of relatively mud-Tree. m-thick
cypaarenites, und mm-thick gypsim-clay Loninwe
swhieh  overlic a cemented  skeleral peloidal

FOW e, 0 O T eedoey ol The Qualermny Bridpewale
Fhowmation of the Sonchwaest and Eenieal Santh Australin™ PhIs
thesas, Pl Flinders Lgiversiey of South Stsieala tUnpahl )

eraninslone near the base of the succession. The
skeletal peloidal grainstone overlies wealhered
basement. The difference in the relative abundanee
ol carbonate and gypsim over the fake comples is
related 1o the focal hydrologic setting of cach basin
and rainlall/recharge distribution over the region,

Geomorpholugy

The morphology ol the playa lukes depends on The
pature of the pre-existing surface. the angle of ihe
fong hasin axis 10 the direction of the prevailing
wind, the presence and depth of surfyce water, the
proximity of the groundwauter (o e kike surfuce i
playa-groundwater chemistry. Aeolian reworking,
around and  surface  wier  floctuatons  and
interactions play a secondary role in modifying the
luke seomorphology. which ultumately reflects major
changes in climate. A number of geomorphologic
features  direetly  associated  with  the  Lake
Malwa-lake Greenly Complex imelude islands.
spits. lunettes, irregular sub-parabolic dunds. beich
ridges, sandy beaches, marginal secpage-spriag
zones and surface drainage channels (Figs 20, In this
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Frus 20 Gueamorpholigic map of the Lake Malata Like
Circenly Comples showing the Tocation of TL and AMS
dated simiples.
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1

Fig. 3. () A chain of playa lakes that have previonsly dellated inte a gypsum lunette (1), View' is tawards the north. Centre
of photograph spans approximamely 6000 m, (b) A S to 6 m-high, immcated luneite profile at the south western margin of
Lake Greenly. Basement is unconformably overlain by un indurated pedogenic horizon (P), which s in o averlain by
av altered carbonute pellet lunette (Le). Gypsite layer (Lg) overlies Le with a gradutional contact. (¢) Lee side of two
carbonate pellet lnnettes (~1.17 ka ML14 and ~17.3 ka ML135) along the eastern margin of a sinall playa lake north ot

ake Malatir, forming a prograding lunctie sequence separated by a samphire-vegerated mud (lat, These represent Phase
11 and Phase I deposition events in Fig. 4. (d) Thin-section photomicrograph showing himodal carbonate pellets (p) with
4 minor amoeunt of well-ronuded carbonuate-coated quartz (q) of similar gruin-size, Plain light. Scale s 0.25 mm.

paper we deseribe some of the hey geomorphologicul
leatnees ranging in age lrom 319 £ 72 kato 1 £ 0.9
ka (Dutkiewicz & Prescott 1997; Fig. 2, Table 1)
which formed as a result ol mujor elimate change.

lLuneites

Although clay, quartz and gypsum are the nost
common minerals comprising lunetles (crescentic
dines associated exclusively with playa lakes: e.g..
Bowler 1983; Warren 1982; Williams er al. 1991:
Chen et al. 1991 Macumber 19913, those in the Lake

Mauluta-Lake Greenly Complex consist cither of

gypsum sand or sand-sized carbonate pellets. In
general, the gypsum and carbonate pellet luneties are
purt of a prograding sequence, which rises 210 310
above the present-day Jake floor, They uare
characterised by at least two disconformities in the
form of pedogenic layers or crosional scurps aud
vounger dellation basins (Figs 3a. b, ¢). The hmettes
occur along the castern margins of most playas in the
complex and provide a partial indication of the
amoun! of muterial that has been deflated from the

lake busins. Their associated pedogenic horizons
(disconlormities) are potential time-stratigraphic
miarkers Tor strandline-basin correlations.

Fonr discrete wnits representing four inujor phases
of lanette deposition have been recognised from
cxposed sections and dated by 'I'L between 115 £ 14
kaand 1.17 2 1.1 ka (Dutkiewicz & Prescott 1997
Fig. 4). The distinction is based largely on the degree
and style of pedogenic alteration ol the wdarated
carbonate layer (disconformity) overlying the soll
lunctle material, and field relationships ol lunette
deposits. Notably, progressive pedogenesis and loss
of original pelletal texture are a function of
inereusing age while the composition and colonr of
the nettes and pedogenic horizons rellect the
immediate source area. Internal stenetures, such as
low-angle planar beds nonmally expected  Irom
seasonal  accumulation,  are  very  diffuse  or
non-existent and are attributed to the breakdown of
pellels by woistare and pedogenesis. Individual
deposits may  rellect multiple phases of lunctie
deposition and stabilisation, although the gencrul
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Fig. & Ldelised schematic west-gast section o Lake Malita showing three magor phases of carbonae peller luneiie
deposttion ina single onlapping sequence, Thermoluminescence dites are also shown.

homogencity of the depaosits makes differentiation of
these difficult.

The pelletal fraction comsists almost exclusively of
low-Mg caleite and minor clay minervals dominated
by montmorillonite, The coarse. non-pelletal fraction
usually containg minor amounts of abraded gypsum
diseoids or prisms, guartz, iron oxides, peloids,
toraminifera, ostracode carapaces and  Coxielle
Trugments, and truce amounts ol lthoclasts, pyrile
and remmants ol algal muts ineluding rare charophyte
oogonia, In (hin-section wnd under the scanning
electron microscope (SEM), the carbonake lunettes
consist ob bimodal sand-sized carbonate pellets and
minor sand-sized quartz (Mg, 3d). Quartz grains rend
o be well-rounded  and  carbonate-coated. while
sypsum s discoidal, poorly-sorted, shows effects off
dissolution and abrasion and frequently occurs as
semi-eemented aggregates, Gypsite noduoles we
conmmon i the gypsiferous lunettes.

In generul. the degree of pedogenic alteration
corresponds with the age of the lunette und conforms
with Netterberg's (1967) calerete classitication, For
example. the oldest lunetles show intense  pedal
developnient in the form o cavernous,  nodular
calercte and complete loss of the original pellefal
structure in the underlying deposit. Younger lunettes,

on the other hand. are capped by a chalky, powdery
culerete or more massive and strongly indurated
hordpan calerete, hoth of which are nodule-free and
frequently comprise several undulose sheet layers
which  themselves  reflect multiple  phases  of
pedogenesis. These are overlain either by thin
veneers of pelletal soil or younger, onlapping linette
deposits, The youngest lunettes displiay o strong
pelletal fubric with samphire vegetation acting as the
muin post-depositional stabiliser,

Three major phases of gypsum lunetw foemation
have been identilied in this study. The best examples
oceur virtually wlong the entire lengthys ol the mner
and outer margins of eastern Lake Mulata (Fig. 2)
where the lunettes form a prograding, ¢ross-bedided
sequence measuring up o 7 m above the present-diy
lake (Fig. 5a). An organic-rich layer within the core
of the main Tunctte his been duted by AMS at 5.59 ki
cul B.Pand is currently being mined for gypsum for
agricultural purposes. The cliffed sections of the
loke Malata lunettes are onlapped by clean,
well-sorted gypsarenite which forms the present-day
beuch, The lunette sequences are stabilised by o
weakly indurated 40 ¢cm Lo 3 m-thick capping of
gypsite which is colonised by abupdant salt-tolerant
shruhs and samphire vegeration. The relationship
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Pag. Soma) Twe phases of gy uoete deposilion slong
thie fumer eastern mpecim ol ke Madaty, Beach sond (5,)
constste of coursesgmined vy psarenites Younger Phiase 1)
cypsum luneltes are stahiliacd enfively Iy vegerition,
Dhstiice Gon e Take Malavi miargit ro phiyi lakg
immedintely behind Phise 0 funeete s 400 o (b
Civpstin lunene tll_.l representing. Phuse 11 pypsum
lpene deposition overlyme g clavey corbonue pelle
liperte (Ly) along the puier castern marein of ke
Mulata. Poorly-saned, codrse-ginined bench samd (3.)
vomprising basement snd skelerl pelardal grmstone
lithvelusts forms e pregencadig bewch, Nole prosenos of
cotrse-grained s hite mypsum siod () onlimpping L

belween the gypsum and curbomue Tunetles iy nol
always clear, os the gypsum lunelles are generully
larger and more exiensive, completely abscoring
nnderlymg unils which essentially become barriers
for their development. Along the anter sonth-casiern
miargin of Luke Malatwand the sonth-westemn margin
of Lake Greenly, exposed sections clearly show
gypsim umette overlying o carbotae pellet unir
(g, Shy. However tarther north and along the inner
mirgin of Lake Malat, the gypsam lunettes appear
o extend in oa southerty diection away from (he
[Tanks of the carbanate lunetes withoul direcily
overlying the carbonae peller anits i exposed
sections. Field velanonships and o single AMS 1l
stiggest (hal the gypsum funettes are gefieelly
yaunger than the carbonale pellet Tunetles.

The gypsum Tuneties consist almost entirely of
mediam o coarse-grained, moderately 10 well sorted
eypsarenie with small amonnts of carbonate (i
Mg culeite) and trace wmounts of fime-sramed gty
and iron axides. Consequently, the gypsum Innelles
sere unsuitible for TL dadng and only in one cise
contained sullicient organie crbun for "'C duting,
Thie-carbonate content may be attributed cithar 1o the
presence ol carbonate pellets. carbondle coutimme i
gypsum crystals during their growth in the Take
basin. or 10 hiogenic camporients. Fragments of
ostracodes, Cocella and the farwmimber Elphidinm
are commuon Within the uppermost B3 e of the ost
recent aypsum lunelles. The gypsarenile consises ol
I3 mm Tong. shghty abuded anbedral lensords.
marked by dissolunon kmks. The thickness ol (he
SyPEiLe Capprilg vanies between 400em o 3 m and i
o fupetion of the size and the age of the Junelle, The
thicker and the more indurated the gypsite horizon.
the older the lunette. The gypsire consists entirely of
10 pin fong acieatar erystals under the STIM. Gyprite
alsa pecurs iy em-thick interbeds witlng the gy psting
lunetle where il most likely represents stabilisidion
of individual, possibly annual, acolinn luyers, In (he
same manner that the indoraled corbonale Tayers
represent diseanfotites within the carbonate pellet
lunettes sequence, the gypsite Uiy represent perviods
of non=deposition within the ey pstim Tupettes, Low
sngle acolinn beddmg 1< well-develnped within (he
gypsuin Junettes and relleels griain-sizc virsions
and general sorting of the gypsarentte willin the
adividual lannnac.

Beaeh Ridges and Foredimes

The most distinet  segmarphologio feate
dassnciated with the Loake Maluta-Loke Creenly
Comples s a9 m=high, greiate. ndurated skelel
pelowlal prainstone beach ridge dated by TLat 319 £
52 ha (Dutkiewice & Prescoll 1997: Table 1) ayluch
ie present along the eastern niacgin of Take Malata
(“Lake Malata Ridee™ m Figs 2and 6), The ndge has
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Fige 6. Schematic wesf-enst seetion aeross Lake NMatara showing the western margin of the Like basin bordered by
culerenised () suh-parabolic dunes (1), amd the eastern margin by somigor arcuate ridge (R smd o series of punsverse
gypsunt lunertes (L, ) and vorbonate peller lunetes (L s s somall playia Jakes (),

been correlated with asimilar grainstone sampled by
drithng, which overlies the basement in rhe Lake
Malita basin (Dutkicwicz 1996)" and represents the
Larpestand guite possibly the oldest geomorphologic
feature associated with the luke complex. The rdge
s cavernous and has anup ro 1 em-thick capping of
cilerete, which is Tocally overlain by a thin red soil
continmy abundant ferruginous pisahtes. The ridge
sediments outerop sporadically  along the south-
western margin ol Lake Malata where they are
overliin uncontormably by o gypsam lunette.
Sedimentary structures were not observed, possibly
due o caleretisation and o generdl lack of oulerap
and exposure. The beach ridge consists of a locally
tfaccous, medium-graied.,  well-sorted  skeletal
peloidal grainstone comprising sub-ronnded (o well-
rounded  micritised  peloids,  abundant mollgsk
fragments. coralling red algae, foraminifera, minor
cehinoid fragments. rare bryozoa and vaeying
amaounts of lithoelasts and angular quartz grains
(Fig. 7u). M composition correlates well with the
Bridgewater — Formation,  which  comprises
sirronnding  sub-parabolic dunes and spectienlar
chitfs on thewest coast ol The Eyre Peninsula (Wilson
1991).

More recent but pervastye beach deposits are
found wround the shorelimes ol Lake Malata wid
Like Greenly and associated pluya lakes. The
compositiom ol the heach sand depends Largely on
the souree amd s thiekyiess on the sediment sypply
and the proxnmity of the source o the lake margu,

Pdevbae s A A Cod g Ouiterniry Palacouhimmss fom Lk
Makita fake Greenly Playa € omples, sonth Adstalo” THT?
thesin FHe A es 1inversity ot Sante st cb npubl g

the water depili, and the ferch of the lake. For
example. poorly-sorted. very coarse sands and
gravels are associated with basement omterops. Thick
fup to 25 1) localised accaralations of beach sand
are common along the south-western margin of Lake
Groenly and southern Lake Makia. where they
consist of very coarse angular guartz, lithoelasts of
buscment tock, calerete, and sketetal peloidal
grainstone. ivan oxides. feldspar, mica. and sheletal
pelodal  allochems  derived  trom surrounding
sub-parabolic dunes. Fragnients of Coxiella sp.,
oglracades., toraminitera and charophyte oagonia are
accasiomlly incorporaled, Medium (o coirse-
arained. moderately-sorted. sheletal peloidal sand.
on the other hand. Tovims cheach along the southermn
margin of Lake Greenly where the source is u set off
parabolic dunes proximal to the lake basin, In
contrast, carbonate playa fikes associted with Lake
Greenly are characierised by shorelines dominated
by biogenie fragments including ostracode valves,
Coxieltor sp., (ovaminifera and minor charaphyte
aogonia. These are occasionally  very weakly
indurated. Benches associated with Lake Malata, on
the other hand, are dominated by coarse-grained
eypsarenite and fragments ol Coviella sp.

A 3 m-high foredune along al the south-castern
murgin of Lake Malata stuated less than 2000 m west
of the Lake Malata ridge s ol particular iterest (Frg,
Tb) and has a maximum ‘T age of | £ 0.09 ka
tDutkiewicy & Preseott 1997 Table 1), 1t also hosts
an undisturbed Aboricmal campsite comprising
stone grinding plate and seraping tools, The beach
consists ol medinm o cowrse-grained. moderately-
sorted sand dominated by coarse o Mine-grained,
angular (o well-rounded guartz. moderie amounts of



T A DUTIIEWICZ, T O

VIOON DER BORCH & 1R RESCOT

Fre T Thmeserrmn phonsncerogrphs af e shelesad pelodal grmmstone comprsing the bake Mg Plepdocene e
Fhe et s conmposed al abundant emmmmifesd 00 et o calenreans el aleal (apand pelodal allochens
G g s alsopresent The arimstosne s shongly comemed by mmceie. Pelarsed Ligh o) 3 e high quarte irahine
F st Tm e Like Mt odpe (R Ry an epfheraenit seepage-sprini 2o 1851 messuring approsiniately
Pt i walet, The faredune bas o tssiminn TE aee ol ~ 1 ko, Trees arc appoog el 2o enlb oo Aevial view wl tie
citsterny i al Lake Greenly charcierd By o prafeding secuence or Jaw g carhanate peller funcues ol and
cirbmace vidzes R0 Cemre on phaangeaphospis 750 00 (dy Tl secian phagaarenigegh ol sadivnens compnsing B
it b aimpiscd ababumdim vistracodi fragmad s s s e apates Tlain hight

milivrm-geaimed prelonds, and fragments of i [
St istraeodes wnd foraatinifenss, Carbomane pelles
wiath apprssimaredy A0 Tine 1o mednne e
QU sarnind e prese it Ar o deptie of 1oar Bolow the
sl b Urer sont i, the depaosit grodes itn ey
cogrsgragied wnd poerlyeseried beach sand
appronimalely T above (e present diy Bk Joey
The sand i dormnared by fine o ourse-gramed
angular amd ocedsionally ironestsined  gumie sl
fragmeints of Covieda sp. Modersie simnunts ol
hhiosc lusts derved trom skeletal pelondinl sininstones
Ao caloretes, mraar amonnts or pelonds g teldspne.
] truce surnnints o chiarophyte ougom wmd e,
e alsu presenl, Here, the sand overfes o dm-1hick

hmie coguinm luyer doaninewed by fraginents of

Covvpirdlon spee manor amennts. of otz and race
amannies of Aoranvmilfe, ostacodes. chinmophye
peati, pelowls. mwea and reeem veeemnon, Thiy
layer, e overlies o <stronaly indurated skeletal
petordal grammarone which mncrops tanly along the
et ol the ke,

The gevwmurphelogie Teatures along e sasiem

trirein vl Lake Coreeardy sire sterkmg by ifilisren) from
thisse ob Lake Mabam: TThis s sonibuted mginly o fhe
diftgrdnces i busin murphuloyies, pandcularly e
areratisa nf the Tong basin gés o the divcetian of
the prevanling  wind, the mfure of the hasia
seahiments, and the gronndwatgr ohembsiry . The
wasocpated funeitesridge syalenr is o g achet wid
difficult -ty map hut unmistnkable when seen From air
(Fie 7 I face mapping of the ndividuad Tonencs
and rdues cauld vnly be achieved using serl
phoweraphy. [ addition, exposed Lineie seetinis
are riive and linetes. sippedr to have farmied <
progiading sequence, sotreed by eplaodic deffation
withm Lake Cireenly. Unlike [he prograding lonelie
seypence al Lake Malatis, where ingividun) lineties
are sepurated by dellationary husins. the Toke
Cireenty limerres appear 1o he sepanired by wseries ot
carbonare ridges. The ridges are very sinnlar i hand
specnmen and e nuiemp syle 1o e inderaicd
carhonure horizons associnted with Tunettes  which
mithes the distinetion of these Teatpes extrenely
dittente i the Tl



CHOMORPHOTOCY OF THETARE MALATA TAKR GREENLY COMPLEX [

e most castly reeogised carbonate fdees occur
proximal o the preseni-day  northeastern  lake
mirgin. where foor ridges representing fonr phases
of ke vegression have been receognised, The ridges
e approximatcly 2 ot 3o gahove the present-day
Howor of Lake Greealy and Torm Fractored apd rubbly
carbamate  sheets. They lack (he smouth  and
coniigauy arcaule outerop style common 1o
indurated  carbonate hovizons ussociated with
lnettes, The crists consistof Tow-Mg caleite and are
chalky snd friable, with o mm=thick coating ol
Taminar calerete, Tubular voids are abundant more so
thun i the mdurated carbonate horizons associated
with carbonate peflet Tupetes and appear (o be
related o plant growth e relatively soll sediment,
However: no dossil plant remains . were Tound,
Scanning electron micrascope analysis ol these
crusts shows the presence of abundant, strwight or
pently aurved, oceasionally branching, = 5 -tk
calede cncrsted  endolithic  Iragments,  The
murphulogy and  sive of these  filaments  are
consisient with fongal striietures deseribied by
Klappa (1979} and jndicate pedogenesis in the
subicriad vadose cavironmenl, ln thin-section, the
crnsls consist ol mierite. whicl occasionally displays
i wlohular textne  und  abundant, generally
eandomily oriented, cileite shell tragments which
complise 5 10 5% of the totl sediment (Fig. 7y,
The shell fragments consist of luw-Mg caleite aml
dre  penerally  steaight  or  gently  curved.
approsimiately 10 g dismerer and generally 1 1o
Tomme o Jength and most ikely pepresent
disarbiealited  ostracode valyves. Forminileral
frangments are rare. The deposits hove not been doted
due (o the paueny of switable materaly suelt as
organic mater and guartz

iscussinn

The Lite Quanernary: veamomphaloey m the lake
Malama Lake Greenly Complex is wepresented hy i
cotiplex suite of ridees, fuetes wnd - foredunes
whieh have been dited betweers 320 kaamd | ka, The
porod covers o e of deamabic elimate psealidions
diring which the Formation ol the lake comples was
anirinted and thee likes expericnced @ major lacusual
twery phase followad by uosavies of dreying and
deflitonary episodes punctiated by periods of
pedogciesis and felatvely aijor lactstral events,
Oserllations  betwern TheSe elimatie estremes
cilnminaled in the presenl=day status ol the ikes s
proundwarer-discharee playis.

Wer phase ca, 3200 ha

The mawm bcustral phuse i represented by the ca
370 ki (Choyeen Bsotope Stige D e 8) Lake Malaia
heetich vidue (Figs 2 gid Ao deposied diring a phase

of Tiugh lake level, [ts morphology is cansistent with
foredune deposition and we envisage thal it formed
by defation of sand from wave-nourished lakeshore
heaches inovery mueh the same manner that conseal
foredunes and foredyne ridges are built immedipely
Dt 2ones of beaw b awash, Prior o stabilisation of
the surrounding sub-parabolic dunes, a lacge gmouni
of the skeletal peloidal sund was blown and washed
into the luke basin and subsequently. reworked by
wind-generated woves during o plavial climatic
phase. A combinalion of relalively Jower han
present  evaparation  rates. highly  eftecnive
precipitaion, inereased runofland recharge and high
witer tables, associated wit g interglacial sea-level
highstand, would haye resulted i the accumulation
ol relodively Tresh water within the loke busin. The
size of the vidge suggests that at least | e gl water
wits present in the Tuhe basin during the wer winrer
months, which would hayve heen chametensed by
hcher waintall and lower evaporation relative In
present Such o relutively gh tuke fevel. combined
with strong north=westerly winds assocrted watli the
swinter months s world have wdtiared wave-generated
cuprents capable o moving Tvge volumes ol Lhe
skelelal pelaidal sand as hetload towards the eastern.
and partieuliarly the south-castern Like margan where
the ridge nttams s maximom width, Under these
condituons the sand secreled on [he eastern fikeshore
ol lake Malaln as o beach deposii and  was
suhscquently  dellsted by strong southi-westerly
winds e a foredone inmedistely behind this high-
cnecey beacl, The height of the beach ridge attests o
the faet that this period wis relutively long-lived,
charaeterised by enhaneed segsonality and o large
and - continuaus sediment supply. The ridge was
sveninally stabilised by pedogencesis and vepetition
during e estended peprod o nonsdeposition, That
only one suech feafure s present within the Take
Mulat-Lake Greenly Comples mdieates o wingue
depositional episade. The absence ol o similar
foredune mdge nlong the castern margin of Lake
CGircenly muay be atinbuted not only o o ek ol
sediment supplyc but also o the hasin njorphology,
particy by the orenbihion of the long axis (o (he
thireetion of the prevailing westerly wind, The Lake
Greenly basin is oriented approxinstely ar 43" w1
divection ol the prevarling westerly wind, while the
Take Mulgt asis lies at 907

Compsequently, the ridee represents o Pleislocen
“rwegilake or Mlacosirl T slage femsie Bowler TYAQ,
198 1 De Deckker Y85y m the evolution ol (he Julke
yisin and overlaps wah Wilson™s (199110 Phase (1)
deposition ol Bridpewarer Fovmaaon dones during
mid w0 lae Pleiseocene aerelacial  sea-level
highstands. Megulale shirclines. such asa 135 m
high heuch ar Lake Typrell, contain abuidant
shiclls of Covrefle sp. (Maciimber 19807 Bowler &
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SPECMAP isotope record
(etacked and smoothed)
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Fige o Apes of mujor seaniiphologie feauhes o the Lake
Gireenly-lake Mualata complex plotted  against the
SPECMAR carve thmbrie o alo 1989 Melntyie of ol
TOROY. Apes of e dsotope stages: |0 O after Martinson

el ol A TUNTY Apes Tor the deposition of the Brdgawater

Famation pftes Wikson (19911 Bomai numierals denote
ulneinl terminations. The length of each by indlenes
uncertaingy (0 mensurement of e gue of inete/videe
tsee Tuble | for detail),

Teller 19860), Curouslty, there s w lack of acustrine
Fauna (Fresh o saline waterstolerant) within the
heach ridge grainstone and eqnivalent sediments in
the basin, Possible  explanations tor this are:
1) post=depositonal dissolution ol organisms caused
by a change in the physical and chenical environ
menls; 2) destruction ol shells during high enerey
fransport rendering  them unrecognisable in the
sediment record: and 3) the high-energy, sandy Take
hisin may bave been onsuitable for laeustrine
OTZINSIIS,

Formation of the ridge may have commenced
considerably earlier than 320 ku, which murks the
waniige stees of deposition fron the lee side of the
ridge. Wilson (19913 proposed that the cinplacenient
ol the Bridgewater Formation dunes along the west
coast of the Fyre Peninsula occurred during sea-level
highstands as carly as 700 ka  (onset of Oxygen
Isolope Stage 17) Therelore, 10 s likely that ridge
aceretion also occmrred episadically  throughout

Oxygen Isotope Stages 17 1o 7 and Stage 3
interglacials (Fig, 8), until the sediment supply was
exhausted and recharge rates decreased due o o tall
in o euslatic  sea-level, giving rise o o now
depositional regime in the Lake Malata-Lake
Greenly Complex. A comprehensively dated sequence
through the Lake Mualata ridge could potentially
provide palacoclimatic information prior 1o 320 ka.

Palaeoctimaie co. 320-115 ka

We have no direet record ol sedimentation and
evolution of the lake systeon for the period 320-115
ki, As mentioned earlier, the Like Malub ridge may
huve continued accercting intermittently  duoring
pluvial episodes, particularly during Oxygen Isotope
Stage 7 until = 180 ka, when the emplacement of
Phase 1 dunes along the west coast of the kByie
Peninsula was most inlense (Wilson 19911 The
morphology  and  pedogenic alteration of  sub-
parabolic dunes overlying thick carbonate sequences
soulh of Lake Greenly (Dutkiewicz  1996)7 are
comsistent with o later epispde of Wilson's (1991)!
Phase 11 dune emplacement  during  the  last
interglucial (Stage 50 Fig. 8). This suggests that
deposition of lacustrine carbongites most likely
pecurred prioe 1o and mtermittently during the wiri
interstadials of Oxygen Tsotope Slage 6 and during
the warrn intervals af the Tast inerglueial (Osygen
[sotope Subestige Se). Limdward: migrating sub-
purabolic dunes would have bueied regions relatively
close 1o (he coast, whereas more dislal areis, such s
Lake Malata, would have heen subject to comtinned
carhonige precipitation. Large volumes of this mud
are likely to have beep deflated into lunettes during
Oxygen Isotope Stage 0. which iy broadly similar (o
stages 4 3 and 2 during which lunette deposifion was
pervissive,  Futher swmpling and dating 15 required
to decipher the palacoctimate record during this
perod,

Mudtiple Areed Episodes ca 41516 ke

luneties Torm by detlation ol said-szcd el
which commonly includes pelletised elays derived
from o drymg dake Door by uni-directonal wind
(Bowler 1973 1080, 1983). Factors nvolved i rhe
construction of clay pellet Tinettes  (Fluctuoting
wroundwiter levels, uni-directional wind, arvidity)
have been discussed extensively by Bowler (1973)
and the sime explanation can be applied (o the
carbonme pellet lunenes from the Take Malala-lake
Cireenly Complex, The ages ot the lnnertes indicate
that seasonally aridd climaes and intense prevatling
westerly winds o southern Australia occurred
several times since the last interalaeial. Although the
Il ages are not sutliciently precise to date the exnct
onset of ench arid episode, at the very Jeust they
indicate the time when Tunette buildimg was i il
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Wb, I generals these corelate with periods of
relutively low eostatic sea-level and oscillations o
cald interyals. many of which had ot previously
been associnted with continental andity and lunerte
Bundding. The oldest Tupente boezon dated co. 115 ki
corresponds to the Tusl glmeial meeplion and
fermination of the st interglacial (Oxygen [solope
Subestape Sd). Acolian serivity increased again arca.
96 ki (Oxveen Tsotope Stb-stage 5e). 85 ka (cold
Sub-stage b, and 75 ki and 700 ke (Sub-sgages
Sudy, Siguihicanthy, a stronglv-indurated pedogenic
horizon dated ar e 75 ka suggeses thian the lugetie
mterial was most ikely modilied soon after the shift
trom stage 5 o4 which elobally marks the nain
elacal transition, Symifar pernods ol deflanon and
pedogenests are estimaled (o have oceurred around
O ka snd before ubout 70 ko m the Madigan Gult at
Lake Dvre (Magee e gf. 1995), Lunette-building m
e Luhe Malubelake Greenly complen necurred
pwice auring the dnterstadial of skige 3 with
i mum acolian aetivity centeed around te two
cold stadials co. 54 ko and 43 ka immediately
tolloswipge the end o the main slacial transition,
These aves hikely correspond (o the 60-50 ka playa
deffation phase and done building al Lake Eyre
{Mavee & Miller 1998). Unlike Lake Evre. however,
there is no evidence at Lake Malata or Lake Gioenly
tor s mgor lueustiad plase i the perod SO-25 ki
tMagee & Miller TO9KL TTowever. turther exca-
vatsn work s orequired o orest whether a beaeh
depissit ol Uhis age mrght be buried beneath voungier
acobiah sediments,

Several Tunetles 1 the lake system daled al ¢ 18
l 17 kaand 1o b, cluster on Oxygen lsorope Stuge
2. which murks the penk of the Tast 2 hieiation for the
Avstelian continent around 20 and 17 ka e,
Bowler 1986: Colhoun 1999 ). The wee ot the oldest
lunetie near this closter Jdated ol ea. 26 ka
correspoids wo the traasinou berween Oxyeen
Isvtope Stage 3 and Stge 2 andicating that the onset
ofuridconditions and Tunete building during the Tast
el muximun commenced ay early as 26 ka in
this part ol Australia, This corresponds (o a venerat
tevrense i the pumber of high and intermediase
likes in Avstralia after 20 ka (Handson 1993 and the
upser of o dry-take phuse around 30 ko at Lake Cyre
(Mavee & Miller 1998). Acalian activily appeirs 1o
have peaked ¢ 17.5-16 ka, which correlates well
wath e Last Glacial Maximum ul 7.9 ka
(Murtipson of wlo 19571 During this elucial periend
Ihe sea level was at iis lowest and the elimare
experienced intensiticd aridity and high westerly
wind speeds (Bowler & Wusson 1U84: Perie er wl.
9900 conducive ro porvasive dune-bmldmg over
ured e semiarid regions ot Australia (Bowler &
Wasaon 1984 Wassal) TUSO), Lupetie-biitdig wa
ks Wi stiees e 16215 R wath Tocal

deposition stll occurrmeg locally until ca, 150 ko and
was restricled 1 narthern parts of the fake complex.
Based on records [rom approsimately 35 Australiuin
lakes: Farrison and Dodson (1993) suggest @ bigl
nteryal o welter condifions daring 15-13 ki, which
15 consislent with absence of lunetre sequences at
Lake Malaw. These authors [urther propose dar arid
conditions persisted abter the Tast glacinl muximuni
culminating i o aridity s 12 Kay by wlneh
tme most Australian lakes were dry. This waold
currespond 1o pedogenesis of Last Glacial Maximuam
lumetes 1 the lake complex.

Wei-wrfed eyeley e Jiolocene

Ciypsum fupeties in the Lake Malata-Lake Greenly
Complex have formed in nwo stages. 0 o slighily
different manner 10 carbinate peller incttes. The
pypsuii (st precipitabed awethin the Take basin in
assaciation  with  groundwater  ascilladions  and
evaporation ar the capillay fringe (Teller o7 af. 1982
Bowler & Teller 1986; Moagee 1991). Although
sand=sized disconts exposed durlpg o dry peniod
when the Bake levels are low are easily defllated by
prevailing winds, the similagity 0 gram-size and
morphalogy of gyvpsum [orming present-day beaches
and the youngest lunettes ot Lake Malata suggests
that the most recent gypsum lunelies mast Likely
formed by deflation of reworked malerial deposited
at the fule margin during an carlicr relanvely higher
lake level. Since surlicial sediments i the Lake
Makita busin are daminated by hemi-pysinidal
ypearemile, o vombination of i thin skin ol waler
amd siromyr wind  wonld provide  an o efficient
wiechanism Lo unsporting and  depositing  the
pypsiaar the Take margin Trimsportiion by wave
action is further supported by the presence ol ripple
marks an gypsarenite-dannnated playa surfaces amd
by the abindance uf hiogenic fragmeats witlaa the
most recent deposits, The gypsuny s subseyoently
deflaed and soved during o more arid period,
Therefore, the gypsum Tunetles most likely represent
toredunes deposited under seasonally  osciflating
refatively bigh lake Jevels and elavely Tow lake
levels in response mr changing evaporiton/inflow.
Strong winds daminanted by westerly componen
ure regutted tmoughout the entre cycde of depositiin
ard reworkife, A sjngle AMS-daed borizon Trom
the mnddie of the lunciie indicales that s process
wise well underwiy ca, 5,6 ka cal B most likely
caineiding with fhe Holocene sei-level highatund oo
G4 ka (Belperive er oak 2002) The anean antiwal
precipitation al this time is estimated 1o leve
increased by 20-504% (Wasson & Deannelty 1091
with maximum lake levels recorded i most <ites 11
Avstvalin tHowler TUNTE Wasson & Dopnelly 1991,
Hinrison 19937 Harrsor & Dodsorr 1993),

Although gypsum Tunettes hiave Tormed ine the
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relatively recent past at Lake Malata. this has not been
the case ut Lake Greenly, The reason 1or this s thad
ke Greenly gypsum oceurs several decimetres
helow the lake surface heneath dolomine carbonate
muds (Duthiewice & von der Boreh 1995). In thix
seenario, surlicial earbonate would first have (o he
pelletised and deflated before mterstitial gypsarenites
are exposed 0 undergo reworking. Therefore. while
gypsum luneftes were forming 1n the relatively recen
past ul fake Makua, carbonate ridges were more
likely (o farm concurrently al Lake Greenly, The
complex system of Tunettes and ridges al the custern
margin of Lake Greenly suggests that this may have
heen the case, The fragmented nature of the ostrocode
valves in the Lake Greenly ndgees serves as an
mdication of reworking by waye action during
relutively higher kike levels, The ndges consutute o
progeading  seguence formed by exposure of
liwustrine carbonate mud upder grdoally regressing
lake sharelines The carbonate mud has undergone
subseyuent stabibsauon by vegetation {ollowed by
pedogenesis ud induration in the subuerial vadose
enviromnent. Consequently, these beadh ridges ane
eacellent indicatory ot the Tormer Jake extent apd
although undated may be concurrent with the
[ormation of eypsum lunetes o Lake Malata,

The recent ¥ m-high beach deposit (ML1S, Fig, 2)
ab Lake Ml (the remobilisation of which has beeny
dated at ca. 1 193 ko (Duikiewicz & Prescoll
19U7), represents a foredone  formed by dgeolian
reworking ol coarse beach sand. Acolimn deposition

15 stupported hy the finer grann-size wd betrer Soring
ol the sand compared (o other beach deposits of
broudly stmitar composition, and by the preseice ol
carbonate peloids. T particular. the coyuina fayer
withim the deposit s indicative of o lueostrud period
diring which yelatively high lake levels and Tower
salinities caused Dy increased precipitation and/or
decreased evaporaltion rates would hive allowed
large nuimbers of Cexiellu gastropods 1o inhabit Lake
Malita. The orientation of the foredune along, the
southi=castert) shorelipe 18 consistent with  the
orientahion of prevauling south-westerly  winds,
which operate durmg the dry summer months,
Acolian activity was generally high at this tme and
is further soppotted by the most recent linetie
building episode i the Lake Malata region dated at
e, 1.2 ka (Dutkiewics & Prescotl 1997).
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